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small fuel amount, whereby at least one working cycle with
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trol, a differential of two subsequent segment times of the
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METHOD AND DEVICE FOR ADAPTING AN
INJECTION CHARACTERISTIC CURVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage Application of
International Application No. PCT/EP2008/065813 filed

Nov. 19, 2008, which designates the Umted States of

America, and claims priority to German Application No. 10
2008 009 071.9 filed Jan. 22, 2008, the contents of which are

hereby incorporated by reference 1n their entirety.

TECHNICAL FIELD

The present 1nvention relates to a method for adapting an
injection characteristic curve, and to a device for carrying out

a method of this type.

BACKGROUND

Many internal combustion engines comprise an injection
device having injectors that inject fuel into the combustion
chambers. The injectors or 1njection valves are controlled by
a suitable control device 1n order to optimally proportion the
tuel amounts. The fuel amounts are generally proportioned 1n
a time-controlled manner, 1.e. the 1njector 1s opened for a
precisely determined period of time and 1s then closed again.
This period of time 1s referred to 1n this instance as the control
period of the mjector.

A characteristic map 1s normally present 1n a control device
of the internal combustion engine and this determines a
desired injection characteristic curve, 1.e. a correlation
between injected fuel amounts and the control period. It 1s
important to be able to adjust the injected fuel amounts accu-
rately, so the internal combustion engine can function at its
optimal working point.

An actual 1injection characteristic curve may deviate from
the desired injection characteristic curve owing to produc-
tion-related variations or age-related changes of the 1injectors
or internal combustion engine. This means that the correla-
tion between the control period and the injected fuel amount
in the actual state may deviate from the desired state. Since
the changes are normally very slight changes to the injection
amounts, the absolute value of which 1s largely independent
ol the control period or injection amount, a minimum amount
1s oiten adapted 1n order to adapt the injection characteristic
curve.

Adaptation of a minimum amount of this type 1s disclosed
in greater detail 1n document DE 102 57 686 Al. In this case
an 1njection valve characteristic curve of a controlled 1njector
of an internal combustion engine reproducing a single-refer-
ence 1njection behavior 1s adapted to age-related changes of
an actual injection behavior in that the injection valve 1s
controlled intermittently in accordance with a control period
during an operating mode of the internal combustion engine
that does not require fuel injection, whilst otherwise no fuel 1s
injected so at least one working cycle of the internal combus-
tion engine with control follows or precedes at least one
working cycle without mjection valve control and 1n each
case a speed value or a value of a speed-dependent variable of
the internal combustion engine 1s detected for the working,
cycle with control and for at least one of the working cycles
without control and a differential between the detected values
1s formed and therefore the injection characteristic curve 1s
corrected.
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2

The method from the aforementioned document thus
yields satisfactory results 11 the internal combustion engine 1s

a diesel engine. A drawback of this method 1s therefore linked
to the fact that, 1n order to take into account the value mea-
sured during the working cycle with control, it 1s merely
assumed that an 1njection has taken place. Since with petrol
engines or internal combustion engines with active 1gnition
an 1njected minimum amount of fuel does not necessarily
have to be 1gnited, the method disclosed 1n the referenced
document 1s not suitable for internal combustion engines with
active 1gnition.

SUMMARY

According to various embodiments, a suitable method for
adapting an 1njection characteristic curve that 1s suitable for
application with a petrol engine can be provided. According
to further embodiments, a device with which a method of this
type can be carried out can be developed.

According to an embodiment, a method for adapting an
injection characteristic curve of an internal combustion
engine, comprising at least one cylinder, to age-related
changes or production-related variations of an actual injec-
tion behavior, where at least one injector for injecting fuel 1s
associated with each cylinder, may comprise: a) when the
internal combustion engine 1s 1n the operating mode that does
not require an injection of fuel, a selected injector 1s open over
a control period for injecting a minimum amount, at least one
working cycle with injector control following or preceding at
least one working cycle without injector control, b) in each
case a differential of two subsequent segment times of the
internal combustion engine or another variable, which repro-
duces a temporal modification of a crankshait angular veloc-
ity, 1s determined as a measurement value for the working
cycle with control and for the working cycle without control,
and c) a relation 1s formed between the measurement values
ol the working cycles with and without control and 1s used to
correct the 1mnjection characteristic curve, wherein the internal
combustion engine operates with active ignition, the mea-
surement value for the at least one working cycle with control
being examined in order to take into account ignition faults
and the atorementioned relation then only being used to cor-
rect the injection characteristic curve if the respective mea-
surement value in the working cycle with injector control
significantly deviates from the measurement value or the
measurement values 1n the working cycle or 1n the working
cycles without 1njector control.

According to a further embodiment, the aforementioned
measurement values can be measured over a plurality of
working cycles. According to a further embodiment, the
injection characteristic curve can be adapted successively for
at leasttwo, preferably all injectors of the internal combustion
engine. According to a further embodiment, the 1njection
characteristic curve can be adapted 1n each coasting phase or
alter a specific runming time interval or a specific running
distance interval during a coasting phase. According to a
further embodiment, the aforementioned method steps can be
carried out for at least two different, preferably a large num-
ber of control periods. According to a further embodiment,
the aforementioned method steps can be carried out for at
least two different, preferably a large number of control
moments. According to a further embodiment, a characteris-
tic map for controlling an 1njector can be adapted during the
correction process, the characteristic map setting the control
period 1n relation to the injection amount or one of the vari-
ables determining the injection amount, preferably as a func-
tion of temperature and/or fuel pressure and/or other param-
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cters. According to a further embodiment, mn order to
determine the significance of the deviation of the measure-
ment value with 1injector control from the measurement value
without control, the measurement values of a plurality of
working cycles can be recorded and a mean value for the
measurement value in the working cycle without control can
then be formed, the significance being defined as a function of
the standard deviation of the measurement values without
control or of a threshold for the deviation from the aforemen-
tioned mean value. According to a further embodiment, a
setting can be determined by additionally varying at least one
parameter of mjection of the mimimum amount, 1n which the
number of ignition failures 1s minimized. According to a
turther embodiment, the control period of the injector or
injectors can be adapted 1n such a way that a desired value of
the deviation of the measurement values with injector control
from the measurement value without control 1s obtained for
injection of the minimum amount and this change 1s taken
into account during operation of the internal combustion
engine, even for larger injection amounts.

According to another embodiment, a device for adapting
an 1njection characteristic curve, can be set up by program-
ming to carry out a method as described above.

According to a further embodiment of the device, 1t com-
prises an engine control system of the internal combustion
engine. According to a further embodiment of the device, the
device may comprise at least one sensor for acquiring a seg-
ment time of a crankshait movement of the internal combus-
tion engine and/or a current crankshafit angular velocity.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will be described heremnafter in
greater detail with reference to the drawings, 1n which:

FIG. 1A 1s an 1llustration of the method for adapting the
injection characteristic curve 1n accordance with the prior art
in diesel engines;

FIG. 1B 1s an 1illustration of the method for adapting the
injection characteristic curve with an internal combustion
engine with active 1gnition;

FIG. 2A 15 a diagram explaining segment time;

FI1G. 2B 1s a diagram with reference to the speed gradient;

FIG. 3 shows a distribution of the speed gradient with and
without control;

FI1G. 4 shows different distributions of the speed gradient
tor different numbers of 1gnition failures.

DETAILED DESCRIPTION

With the method according to various embodiments, a
differential of two subsequent segment times of the cylinder
associated with the selected injector or another variable,
which reproduces a temporal modification of a crankshaft
angular velocity, 1s determined as a measurement value for
the at least one working cycle with injector control and for the
at least one working cycle without injector control. In this
instance a segment time refers to the time 1t takes for a
crankshait of the internal combustion engine to pass through
a specific angular segment. In this case an angular segment
may be defined, for example, as 720° divided by the number
of cylinders of the internal combustion engine. The angular
segments should be ascertained 1n such a way that if the
corresponding injector 1s controlled then a fuel amount
injected into the cylinder by an 1njector 1s 1ignited either when
or just before one of the two angular segments 1s passed
through and the change in the segment time can thus be
measured.
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A relation 1s formed between the measurement values of
the working cycles with and without control and i1s used to
correct the characteristic injection curve, 1t being examined 1n
cach case, 1n order to take into account ignition faults of the at
least one measurement value for the working cycle with con-
trol, whether this measurement value significantly deviates
from the measurement value or measurement values of the
injector 1n the working cycle or 1n the working cycles without
control. The atorementioned and determined relation 1s used
to correct the injection characteristic curve only 1t this 1s
indeed the case. The aforementioned relation may, for
example, be a differential between the measurement value
with injector control and the measurement value without
control, or a mean value, detected over a plurality of working
cycles, for the measurement value without control, or a simi-
lar value that mirrors the actual injection amount in the work-
ing cycle with injector control.

The advantage of the method according to various embodi-
ments 1s that measurement values are discarded in which
there 1s, 1n fact, injection but no 1gnition of the mnjected fuel
mixture. Any falsification of the correction made owing to an
erroneous estimation of the actual injection characteristic
curve caused by 1gnition faults 1s thus prevented. Since, 1n the
case ol ijection without 1gnition, the differential of subse-
quent segment times or the other variable, which reproduces
a temporal modification of the crankshaft angular velocity,
only differs slightly from the corresponding measurement
value for the working cycle without injection, a reliable deci-
sion can be made as to whether the fuel was 1gnited when
acquiring a measurement value with control, provided the
differential of two subsequent segment times or of the mea-
surement value for the aforementioned other variable for the

working cycle without control 1s known.

A further advantage of the method 1s that it 1s largely
independent of external operating conditions of the internal
combustion engine. The segment time or the speed or rota-
tional speed of the internal combustion engine does not con-
stitute a constant variable, but 1s merely a snapshot of a
variable that 1s generally changeable over time. Any braking
or acceleration of the internal combustion engine caused by
friction or an incline has no effect on the method resulting 1n
falsification of the result since, 1n each case, the differential of
two varniables of the above type or the angular acceleration of
a crankshaft movement 1s determined and the measurement
values with and without 1njection thus obtained are com-
pared. The imjection characteristic curve can thus be adapted
reliably and accurately to the required desired values for the
injection amount.

During the measurement the supplied fuel amount may be
calculated by comparing the torque values that are active 1n
the working cycle with control and in the working cycle
without control. In this instance the torque 1s the product of
moment of inertia and angular acceleration, the angular accel-
eration being formed, for example, over a speed gradient or a
segment time differential during a working cycle with control
and over a speed gradient or a segment time differential
during a working cycle without control. The moment of 1ner-
t1a of the internal combustion engine 1s thus influenced by the
centrifugal mass of pistons, crankshafts, camshafts and pos-
sible centrifugal masses and 1s a fixed, constant variable for an
internal combustion engine. In this instance a factor for the
inner iriction of the iternal combustion engine may also be
added, as 1s disclosed for example 1n document DE 102 57
686 Al. A number of options for determiming a torque value
from segment times or speed gradients are also disclosed 1n
this document.
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The method can be particularly preterably carried out over
a plurality of working cycles of the internal combustion
engine. If a plurality of cycles, for example 10 to 100, pret-
erably 10 to 20 cycles are used, the measurement values can
be evaluated reliably and statistically. In particular, this 1s
therefore important so a reasonable threshold or a reasonable
statistical measure can be determined as a function of the
measurement values that are determined in the working
cycles without control, 1n order to detect measurement values
in working cycles with injector control, 1.e. with fuel injection
where there 1s no 1gnition.

The described steps of the method for adapting the 1njec-
tion characteristic curve can be preferably carried out succes-
stvely for at least two, preferably for all mjectors of the
internal combustion engine. It 1s therefore advantageous if,
during a working cycle of the internal combustion engine, an
injection valve 1s controlled 1n each case in order to study the
injection characteristic curve of this mjector in a particularly
accurate manner. Alter a plurality of working cycles in which
this selected 1njector was controlled, a further mjector or all
injectors of the mnternal combustion engine may be controlled
accordingly and successively. It 1s therefore possible to adapt
the 1njection characteristic curve not only for an individual
injector, but for the entire internal combustion engine.

The method for adapting the 1injection characteristic curve
can be preferably implemented using a control process, which
can be preferably carried out automatically i each coasting
phase, 1.e. during an operating mode of the internal combus-
tion engine in which no fuel injection 1s required, or during or
following a specific internal combustion engine running time
interval, or following a specific internal combustion engine
running distance interval during a coasting phase. The 1njec-
tion characteristic curve should be adapted regularly, but not
necessarily continuously. Intervals can be established by an
automatic control system, for example in this instance a run-
ning distance interval of approximately 10,000 km or a run-
ning time interval of approximately 50 engine hours being,
provided. Of course these variables can be adapted 1n accor-
dance with general experience of internal combustion
engines and everyday requirements.

In an embodiment of the method the atorementioned
method steps are carried out for at least two ditferent, prefer-
ably a large number of control periods. Since the method steps
are preformed over a large number of control periods, the
entire 1njection characteristic curve of the injector can be
adapted more accurately because 1t 1s possible to determine
whether a driit of the actual injection amount 1s dependent on
the control period. In an embodiment the control periods are,
in this instance, increased incrementally, the increment
depending on the desired accuracy of the correction of the
injection characteristic curve. Two increments are generally
sufficient, with which a mimimal and a somewhat greater
control period or injection amount are examined.

The method can be particularly preferably carried out in
such a way that a characteristic map for controlling an injector
1s adapted during the correction, the characteristic map set-
ting the control period, preferably as a function of tempera-
ture and/or fuel pressure and/or other parameters, 1n relation
to the mjection amount or to one of the variables determining
the 1jection amount, for example to a desired torque. During
running operation the fuel amount supplied within a specific
control period changes 1n such a way that the relation between
these must be re-established. The values obtained within the
method can be used for engine control and to adapt the 1njec-
tion characteristic curve by supplying the relation 1n a char-
acteristic map. It 1s therefore particularly advantageous if the
temperature and/or fuel pressure, which intluence the 1njec-
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tion amount, are also recorded outside the control period 1n
order to control the injectors more accurately. The described
adaptation of a mimmum amount 1s thus particularly advan-
tageous 1, during the normal operating mode, the valves or
injectors 11ll the combustion chambers of the internal com-
bustion engine for each working stroke with a plurality of at
least partially small injections. With an accurately adapted
characteristic map of the type described above it 1s possible,
for example, to observe strict exhaust emission standards
since the tolerances of the mnjectors can be kept very low. It 1s
also possible to achieve particularly economical operation by
controlling the injectors accurately, possibly in the long-term,
by way of the various embodiments.

With regard to the decision as to whether a measurement
value obtained i a working cycle with control deviates sig-
nificantly from a measurement value from a working cycle
without control, both the measurement values of working
cycles with control and the measurement values of working
cycles without control can be measured and all measurement
values evaluated. It 1s therefore advantageous 1f a working
cycle with imjector control and a working cycle without con-
trol alternate.

Alternatively, a plurality of working cycles without control
could also first be carried out, the measurement values of the
working cycles without control being evaluated statistically
with reference to the values thus obtained. Measurement vari-
ables, which for example were determined from a differential
of measurement values from a working cycle with control and
a working cycle without control, may then be compared 1ndi-
vidually with the statistical evaluation of the measurement
values of the working cycles without control 1n order to indi-
vidually determine, for each measurement value acquired
with 1njection of a mimmum amount, whether ignition
occurred or not.

It 1s possible to determine a statistical distribution from the
measurement values that are measured in working cycles
without control. This distribution can be approximated by a
normal or uniform distribution, in particular the mean value
and the variance of the distribution being determined. The
standard deviation can then be determined from the variance.
A variable that 1s dependent on the standard deviation, for
example a multiple of the standard deviation, may constitute
a criterion for whether 1gnition took place or not for a mea-
surement value 1n the working cycle with control. However, it
1s also possible to form, as a basis for assessment, a minimum
absolute deviation from the mean value of the measurement
values without injection, this absolute deviation being sup-
plied with reference to the mean value and the variance in
order to take into consideration a measurement value with
injection. The decision as to whether a measurement value
obtained 1n a working cycle with control 1s a measurement
value that should be taken into account and used 1n the evalu-
ation to adapt the injection characteristic curve 1s therefore
positive 11 a measurement value from a working cycle with
control deviates significantly from the distribution of the
measurement values 1n the working cycle without control.
The information given for measurement values naturally also
applies to measurement variables that are generated from a
plurality of measurement values.

The method according to various embodiments may also
be modified 1n such a way that by varying at least one param-
cter, for example the control moment of the injector, a setting
can be determined in which the number of 1gnition faults 1s
minimized. This makes 1t possible to easily carry out a statis-
tical evaluation with reference to the occurrences with and
without 1gnition. The internal combustion engine can there-
fore be operated 1n a smoother and more economical manner.
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A method may be particularly preferred in which, follow-
ing measurement of the values 1n the working cycle with and
without control, the control period of an injector can be
adapted 1n such a way that a desired value for the 1njection of
the minimum amount or a desired value for a fuel amount 1s
obtained and this change 1s taken 1nto account during opera-
tion of the mternal combustion engine, even under load. The
correction determined for the minimum amount may thus be

il

applied, 1n an advantageously simple manner, as an oifset
correction to all (generally larger) injections.

The method for adapting an 1njection characteristic curve
may be preferably carried out using a device that 1s configured
technically 1n such a way that the method can be carried out
and implemented as a program. The device can be particularly
preferably connected to an engine control system of the inter-
nal combustion engine. The method may therefore be imple-
mented as software or as a hardware circuit in the control unit.
The software may preferably be uploaded in an existing
engine control system by an update and take etfect there. In a
turther embodiment, the device comprises a sensor for detect-
ing segment times of a crankshait movement of the internal
combustion engine and/or a current crankshatt angular veloc-
ity. The variables to be measured are thus acquired and then
evaluated 1n the device.

A fuel mass K 1s introduced into a combustion chamber, 1.e.
into a cylinder of an internal combustion engine, using an
injector. In this instance the mjector 1s controlled by a corre-
sponding control unit 1n order to supply the fuel mass K, 1.e.
the 1jector receives an instruction to open for the control
period. Owing to mechanical and electrical conditions, the
injector only supplies a fuel amount from a specific value of
the control period. This value thus corresponds to the shortest
control period in which fuel can be supplied. Reference
should again be made to document DE 102 57 686 Al, 1n
particular to FIG. 1, for the exact embodiments regarding the
mimmum control period.

Referring to FIG. 1A a speed curve 1 of an internal com-
bustion engine during a coasting phase is 1llustrated. An 1ndi-
vidual iyjector of the internal combustion engine, which 1s
selected 1n advance, 1s instructed by a control signal 2 to
control the injector 1n every second working cycle so 1t injects
a minimum amount, 1.¢. to carry out this working cycle as a
working cycle with injection 3. Two working cycles with
injection 3 are thus separated 1n each case by a working cycle
without control of the corresponding injector, 1.€. as a work-
ing cycle without injection 4. The plotted width of the control
signal 2 1n the working cycles with injection 3 does not
therefore correspond to the time for which the injector 1s
open, but to the period of an entire working cycle. The actual
control 1mpulse 1s a lot shorter and 1s given at a moment
generally shortly before a top dead centre before a working
stroke of the corresponding cylinder.

The speed curve 1 shows decreasing speed. In this instance
the speed curve 1 does not extend uniformly, but 1n a slightly
stepped manner 1n accordance with the control signal 2 owing
to the 1njections of fuel. The internal combustion engine 1s
thus 1n the disengaged state, no further load whatsoever being
coupled to the engine outside the minimum fuel ijection. It
can be seen clearly that the speed curve extends 1n a more
planar manner with 1njection of the minimum amount 5, 1.¢.
the speed decreases less quickly 1t the injector 1s controlled
compared to a speed curve without injection of the minimum
amount 6, 1n which no fuel 1s supplied to the cylinder. With a
working cycle with injection 3, there 1s torque owing to an
ignition of the injected fuel amount and this acts on the
internal combustion engine and becomes noticeable (com-
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pared to the speed curve 6 without control) as a result of the
speed curve 5 that 1s falling less sharply.

The speed curve 1 may be determined over segment times.
The segment time basically reproduces the current velocity of
the crankshait. This corresponds to a specific speed value,
which 1s generally based on minutes. The differential of two
speed values or two segment times, normalized to the time
period of a working cycle, may reproduce the gradient of the
speed curve or a temporal change in a crankshaft angular
velocity. A teaching is thus easily obtained as to how the
speed curve 1 of FIG. 1A can be found from the segment
times. A “perfect” internal combustion engine 1s basically
shown in FI1G. 1A since 1t shows a torque as a result of 1ignition
with each control with injection, this torque being reflected in
the speed curves 5 denoted by “+” and 1n the speed curves 6
denoted by “-". This curve 1s realistic 1n a diesel engine since,
in this instance, the fuel amount 1s 1gnited spontaneously
owing to physical conditions.

Retferring to FIG. 1B a comparable speed curve 1' of a
petrol engine 1s shown that, inter alia, comprises a region in
which the speed curve 1', despite injector control, does not
differ substantially from the adjacent speed curves without
injection of a mimmum amount 6. This 1s the case 11 the fuel
mixture 1s not 1gnited despite fuel injection, for example
because there 1s not enough fuel or ignitable mixture in the
direct environment of a spark plug of the corresponding cyl-
inder, and therefore no torque acts on the crankshait. A speed
curve with 1gnition failures 7 1s thus produced in the afore-
mentioned region and does not differ substantially from the
speed curves without 1njection of a mimmimum amount 6, but
deviates strongly from the speed curves with 1njection of a
minimum amount 3 where the injected fuel amount 1s 1gnited
and torque 1s therefore produced.

The speed curve 1' shown 1n FIG. 1B i1s determined by
acquiring the corresponding segment times using a sensor
that senses a crankshaft movement. In particular, differentials
between two subsequent segment times 1n each case are, in
this instance, acquired as measurement values that reproduce
a change 1n speed or a change 1n crankshait angular velocity.
When evaluating these measurement values 1n order to adapt
or correct an 1njection characteristic curve of the petrol engine
to age-related changes or production-related variations of a
current 1njection behavior, a measurement value that corre-
sponds to the portion of the speed curve 1' reproducing the
speed curve with 1gnition failures 7 1s detected and discarded
since this speed curve with 1ignition failures 7 clearly does not

significantly differ from the speed curves without injection 6.
This 1s described again 1n greater detail with reference to FIG.
2B.

Referring to FIG. 2A a time curve of a segment time signal
8 1s shown 1n a diagram. In this case the running time t 1s
plotted on the abscissa whilst the segment time T, 1.e. the
time 1t takes for the crankshait to pass through a specific
angular segment, 1s plotted on the ordinate. The 1llustration of
FIG. 2A 1s based on a four-cylinder engine (not visible in the
diagram ) that 1s operated by a four-stroke cycle. In this case a
working cycle 1s divided into four angular segments, each
measuring 180° and each associated with a working stroke of
a cylinder denoted by I to 1V, the measured segment times 1n
the illustration of FIG. 2A each being added up until one
working cycle has been completed. However, any shorter or
relatively staggered intervals may also be selected. In the
curve of the segment time signal 8 shown here, an 1mnjector of
the second cylinder 11 1s controlled. For example, the segment
time 1, 1s recorded in a first interval, which 1s associated
with the cylinder II and occurs 1n a working cycle without
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injection 4. The circulation time T+ for passing through the
working cycle without injection 4 1s plotted on the ordinate.

In a subsequent working cycle the injector of the cylinder 11
1s controlled by a control impulse 9. In this case torque 1s
transierred to the crankshaft owing to the mnjection of a mini-
mum amount and the 1gnition thereof, this crankshaft passing
through the angular segment associated with the cylinder I in
a quicker time 1, ,. The corresponding circulation time T-,
1.e. a total duration of the working cycle with injection 3, 1s
also shorter than the total duration T+ of the working cycle
without 1njection 4.

A current speed, 1.e. an angular velocity of the crankshaft
can be ascertained from the segment times T, and the circu-
lation times T- and T+ of a working cycle with 1injection 3 or
of a working cycle without injection 4. The values thereof are,
for example and as shown in FIGS. 1A and 1B, converted into
a speed curve 1, 1'. However, 1t 1s also possible for a similar
result to be achieved over the circulation time T+ or T- since
the circulation time 1s substantially inversely proportional to
the speed.

Referring to FIG. 2B the relationship between runming time
t and a speed gradient AN 1s shown. Different portions asso-
ciated with the alternating working cycles with injection 3, 3
and working cycles without injection 4, 4' are on the time axis,
as already described with reference to FIG. 2A. In this
instance FIG. 2B 1s based on an eight-cylinder petrol engine,
in which a minimum amount 1s injected in a coasting phase
into a selected cylinder by the corresponding injector during
every second working cycle, this causing no noticeable pro-
pulsion, butinstead only adapting the minimum amount in the
manner described. Control impulses 9 are accordingly illus-
trated 1n FI1G. 2B and, 1n this case, are symbolic of the fact that
the selected 1injector 1s controlled during every second work-
ing cycle. A step function 1s illustrated between the control
impulses and shows eight different values, in each case for
one of eight angular segments (1n this case each established as
measuring 90°, for each working cycle. The speed gradient
AN corresponds to angular acceleration. A similar curve
would be produced for the above-mentioned measurement
variable defined as the differential of two subsequent segment
times from each working cycle, this measurement variable
being a measure for the crankshait angular velocity.

On the one hand, the angular acceleration measured once
for each working cycle with injection 3, 3' 1s illustrated 1n
FIG. 2B with injection of a minimum amount 10. The curve of
this speed acceleration 10 1s extremely gradual. Basically,
two groups of values for these measurement variables can be
established: on the one hand angular accelerations with
ignited jection of a minimum amount 11 and, on the other
hand, angular acceleration with unignited 1mnjection of a mini-
mum amount 11".

Furthermore, the angular acceleration measured once for
cach working cycle without 1mjection 4, 4' 1s shown without
injection of a mimimum amount 12. It can be seen clearly that
the angular accelerations with unignited injection of a mini-
mum amount 11' lie 1n a value range that substantially corre-
sponds to the angular acceleration without injection of a
mimmum amount 12. A scattering interval of the measure-
ment values without 1njection of a minimum amount 50 can
be established for the angular acceleration following a large
number of mndividual measurements. This 1s shown m FIG.
2B as a shaded region. In this mstance a deviation from the
mean value by a multiple of the standard deviation, or an
absolute deviation from the mean value, or an absolute devia-
tion from the maximum value of the measurement values of
the angular acceleration without 1njection of a minimum
amount 12 can be used as a criterion for the size of the
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scattering 1nterval of the measurement values without 1njec-
tion of a mimmimum amount 30.

It can be seen easily that the measurement values for the
angular acceleration with unignited injection 11', measured in
working cycles i which a mimimum amount 1s 1ndeed
injected but this mimmimum amount 1s not ignited, are all
arranged substantially within the scattering interval of the
measurement values without injection of a minimum amount
50. These measurement values therefore do not deviate sub-
stantially significantly from the measurement values without
control or from the variables formed thereifrom. Once the
measurement values for angular acceleration with unignited
injection of a mimmimum amount 11" have been recognized as
falled 1gnitions, a scattering interval, namely a scattering
interval of the measurement values with 1gnited 1njection of a
minimum amount 60, can be formed with the remaining
measurement values for angular acceleration with 1gnited
ignition of a minimum amount 11. This 1s 1llustrated 1n FIG.
2B, also as a shaded region.

This will be explained again 1n greater detail in FIG. 3.
Referring to FIG. 3 the value of the speed gradient AN 1s
plotted on the abscissa, whilst the number of occurrences or
the distribution p of the speed gradient 1s plotted on the
ordinate. The measurement values for angular acceleration
with 1njection of a mimmum amount 10 are 1llustrated 1n a bar
chart or a distribution with two regions, namely a region 100
reproducing angular acceleration with 1gnited 1njection of a
minimum amount 11 and a region 110 reproducing angular
acceleration with unignited injection of a minimum amount
11'. A bar chart or distribution 120 of angular acceleration
without 1njection of a minimum amount 12 1s also shown. In
this instance all distributions were approximated to a Gauss-
1an distribution, the measurement values for angular accel-
eration with 1gnited and unignited mnjection of a minimum
amount 11 and 11' being handled separately.

It can be seen clearly that the first-mentioned distribution in
the region 110 lies within the distribution 120. It can also be
seen that the region 100 of the first-mentioned distribution 1s
distant from the bar chart 120 and from the bar chart 110 from
a statistical point of view. Also, a slight overlap between the
region 100 and the distribution 120 could, for the most part,
still be treated and analyzed statistically. If the distribution
120 has been determined once, 1t can be predicted relatively
sately whether a measurement value of the curve of angular
acceleration with injection of a minimum amount 10 1s asso-
ciated with the measurement values for angular acceleration
with 1gnited 1njection of a minimum amount 11 or with the
measurement values for angular acceleration with unignited
injection of a minimum amount 11'. It 1s thus clear that the
method explained 1n this mstance for detecting failed 1gni-
tions and faults 1n the measurement values taken during the
failed 1gnitions complements the previous method for adapt-
ing an injection characteristic curve and, 1n particular, makes
it accessible for petrol engines.

In the cases of the figures shown 1n this instance an injector
was controlled in each case so as to make 1t possible to adapt
the 1njection characteristic curve. Of course two or preferably
all 1njectors of the internal combustion engine may also be
controlled successively 1in such a way that the injection char-
acteristic curve 1s adapted for all injectors.

The measurement values shown 1n this case and the values
determined therefrom can be preferably evaluated using a
control system. It may also be sensible for the method to be
carried out for at least two different, preferably a large num-
ber of control periods, since the 1njection characteristic curve
can therefore be adapted 1n an optimal manner. In addition the
pairs of variates of the control period often stored within a
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characteristic map are continuously corrected to the tuel
amount in such a way that the new control periods are asso-
ciated with the fuel amounts by adapting the injection char-
acteristic curve. Of course the method may also be varied 1n
such a way that the injection process 1s carried out at different
control moments or at different fuel pressures, which 1s ben-
eficial 1n particular 1f the 1njection process of an injector 1s
carried outin a plurality of steps, 1.¢. the entire fuel amount 1s
injected by opening the injector a number of times.

A Turther beneficial variant of the method 1s described with
reference to FI1G. 4. Referring to FIG. 4 two distributions can
be seen: a first distribution from the regions 100 and 110 and
a second distribution from the regions 100' and 110'. The
regions 100, 100" of the bar chart indicate speed gradients that
have been 1llustrated with 1njector control to inject a mini-
mum amount with 1gnition. Similarly, the regions 110, 110’
constitute those parts of the respective distribution i which
the mixture was not 1igmited, despite injection. The different
distributions were ascertained as a result of a varnation 1n
either control period, control moment or other parameters
known to the person skilled in the art that may affect the
injection characteristic curve. An 1injection characteristic
curve can thus be found that has particularly few 1gnition
tailures, as shown in the distribution by regions 100 and 110.
An 1njection characteristic curve of this type may, 1n turn, be
stored or filed 1n a characteristic map.

In the method described with reference to FIGS. 1 to 4,
following evaluation of the ijection characteristic curve of
an 1njector 1n the working cycle with and without injector
control, the control period of the selected imjector 1s adapted
in such a way that a desired value of the deviation of the
measurement values for the working cycles with injector
control and 1gnition from the measurement values or a mean
value of the measurement values without 1gnition for 1njec-
tion of the minimum amount 1s obtained, a change or correc-
tion carried out for this being considered as an offset correc-
tion during operation of the internal combustion engine, even
for larger injections. This means that, even during normal
operation of the internal combustion engine, 1.e. with accel-
eration and under steady load the control period-minimum
amount pairs, determined by adapting the minimum amount,
are formed so as to ascertain corrected control periods, even
for larger injection amounts, and therefore make 1t possible to
achieve economical and smooth operation of the internal
combustion engine.

The adaptation of the mimimum amount, 1n which the 1njec-
tion characteristic curve 1s adapted in the manner described
by correcting control times for desired 1njection amounts, for
example 1 order to compensate for a drift in the 1njection
behavior of the corresponding 1njector, 1s carried out 1 such
a way that out of all the measurement values for angular
acceleration with injection of a minimum amount 10, only
those are used that reproduce angular accelerations with
ignited injection of a minimum amount. The measurement
values are therefore examined using the described statistical
criteria 1in order to ascertain whether they deviate significantly
from the measurement values 1n the working cycles without
injection and are rejected when this 1s not the case.

What 1s claimed 1s:

1. A method for adapting an 1njection characteristic curve
of an internal combustion engine, with at least one cylinder, to
age-related changes or production-related variations of an
actual 1njection behavior, where at least one injector for
injecting fuel i1s associated with each cylinder, the method
comprising;

a) when the internal combustion engine 1s 1n an operating,

mode that does not require an 1njection of fuel, opening
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a selected 1njector over a control period for injecting a
minimum amount, wherein at least one working cycle
with mjector control follows or precedes at least one
working cycle without mjector control,

b) determiming a differential of two subsequent segment
times of the internal combustion engine or another vari-
able, which reproduces a temporal modification of a
crankshait angular velocity, as a measurement value for
the working cycle with control and for the working cycle
without control, respectively and

¢) forming a relation between the measurement values of
the working cycles with and without control and using
the relation to correct the injection characteristic curve,
wherein the internal combustion engine operates with
active 1gnition, the measurement value for the at least
one working cycle with control being examined in order
to take 1nto account 1gnition faults and the atoremen-
tioned relation then only being used to correct the 1mjec-
tion characteristic curve it the respective measurement
value 1n the working cycle with injector control signifi-
cantly deviates from the measurement value or the mea-
surement values in the working cycle or 1n the working,
cycles without 1njector control.

2. The method according to claim 1, wherein the aforemen-
tioned measurement values are measured over a plurality of
working cycles.

3. The method according to claim 1, wherein the 1njection
characteristic curve 1s adapted successively for at least two or
all injectors of the internal combustion engine.

4. The method according to claim 1, wherein the 1injection
characteristic curve 1s adapted in each coasting phase or after
a specific running time interval or a specific running distance
interval during a coasting phase.

5. The method according to claim 1, wherein the aforemen-
tioned method steps are carried out for at least two different or
a large number of control periods.

6. The method according to claim 1, wherein the atoremen-
tioned method steps are carried out for at least two different or
a large number of control moments.

7. The method according to claim 1, wherein a character-
1stic map for controlling an injector 1s adapted during the
correction process, the characteristic map setting the control
period 1n relation to the 1njection amount or one of the vari-
ables determining the 1njection amount.

8. The method according to claim 1, wherein, in order to
determine the significance of the deviation of the measure-
ment value with 1injector control from the measurement value
without control, the measurement values of a plurality of
working cycles are recorded and a mean value for the mea-
surement value in the working cycle without control 1s then
formed, the significance being defined as a function of the
standard deviation of the measurement values without control
or of a threshold for the deviation from the aforementioned
mean value.

9. The method according to claim 1, wherein a setting 1s
determined by additionally varying at least one parameter of
injection of the minimum amount, in which the number of
ignition failures 1s minimized.

10. The method according to claim 1, wherein the control
period of the mjector or injectors 1s adapted 1n such a way that
a desired value of the deviation of the measurement values
with 1njector control from the measurement value without
control 1s obtained for injection of the minimum amount and
this change 1s taken into account during operation of the
internal combustion engine, even for larger 1njection
amounts.



US 8,374,770 B2

13

11. The method according to claim 1, wherein a character-
1stic map for controlling an injector 1s adapted during the
correction process, the characteristic map setting the control
period 1n relation to the 1njection amount or one of the vari-
ables determining the njection amount as a function of at
least one of temperature, fuel pressure, and other parameters.

12. A device for adapting an 1njection characteristic curve,
comprising a processor configured to control an 1njection
behaviour of an internal combustion engine such that when
the internal combustion engine 1s 1n an operating mode that
does not require an injection of fuel, a selected 1njector 1s
opened over a control period for injecting a minimum
amount, wherein at least one working cycle with injector
control follows or precedes at least one working cycle without
injector control, a differential of two subsequent segment
times of the internal combustion engine or another variable,
which reproduces a temporal modification of a crankshaft
angular velocity, 1s determined as a measurement value for
the working cycle with control and for the working cycle
without control, respectively and a relation 1s formed between
the measurement values of the working cycles with and with-
out control and used to correct the injection characteristic
curve, wherein the internal combustion engine operates with
active 1gnition, the measurement value for the at least one
working cycle with control being examined 1n order to take
into account 1gnition faults and the aforementioned relation
then only being used to correct the injection characteristic
curve 1f the respective measurement value 1in the working
cycle with injector control significantly deviates from the
measurement value or the measurement values 1n the working
cycle or 1n the working cycles without injector control.

13. The device according to claim 12, wherein the device
comprises an engine control system of the imnternal combus-
tion engine.
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14. The device according to claim 12, wherein the device
comprises at least one sensor for acquiring at least one of a
segment time of a crankshaft movement of the internal com-
bustion engine and a current crankshait angular velocity.

15. The device according to claim 12, wherein the afore-
mentioned measurement values are measured over a plurality
of working cycles.

16. The device according to claim 12, wherein the 1njection
characteristic curve 1s adapted successively for at least two or
all 1njectors of the internal combustion engine.

17. The device according to claim 12, wherein the injection
characteristic curve 1s adapted in each coasting phase or after
a specific running time interval or a specific running distance
interval during a coasting phase.

18. The device according to claim 12, wherein a character-
istic map for controlling an injector 1s adapted during the
correction process, the characteristic map setting the control
period 1n relation to the injection amount or one of the vari-
ables determining the injection amount.

19. The device according to claim 12, wherein 1n order to
determine the significance of the deviation of the measure-
ment value with injector control from the measurement value
without control, the measurement values of a plurality of
working cycles are recorded and a mean value for the mea-
surement value in the working cycle without control 1s then
formed, the significance being defined as a function of the
standard deviation of the measurement values without control
or of a threshold for the deviation from the aforementioned
mean value.

20. The device according to claim 12, wherein a setting 1s
determined by additionally varying at least one parameter of
injection of the minimum amount, in which the number of
1gnition failures 1s mimmaized.
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